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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] This invention relates generally to a thermal 
isolation apparatus for biomedical instrumentation, and 
more particularly relates to thermally isolating a probe 
of a biomedical thermometer. 

Description of Related Art: 

[0002] Medical thermometers are useful in the diag- 
nosis of many diseases. Infrared (IR) biomedical ther- 
mometers have been adapted for measuring tempera- 
ture from the auditory canal and the tympanic mem- 
brane. Such thermometers typically have an optical 
path, for example a waveguide, connecting the tip of the 
probe to a thermal detector located in the body of the 
thermometer. Temperature stability of this optical path 
is desirable so that it does not add unknown thermal 
components and adversely affect the temperature 
measurement of the patient. Contact of the probe with 
the ear of the patient may cause a cooling or heating of 
the ear canal depending upon the relative temperature 
of the probe, it may also cause heat of the patient to be 
conducted through the probe and to the waveguide 
which may result in "hot spots" or temperature variations 
in the waveguide, and an inaccurate temperature meas- 
urement of the patient may result. While it is desirable 
that physical contact of the probe with the patient not 
occur, such contact is inevitable. The length of such con- 
tact and the point or points of the probe contacting the 
patient vary with each user of the probe and with the 
physical configuration of each patient. While probe cov- 
ers may be used over the thermometer probe to prevent 
contamination of the probe, these covers typically do not 
provide substantial thermal isolation by themselves and 
in fact may, if the probe cover is substantially hotter or 
colder than the probe or the ear canal, themselves un- 
desirably affect the thermal performance of the probe 
and the temperature of the ear canal. 
[0003] EPA 337 724 A2 discloses an infrared sensing 
temperature probe which exhibits these problems. In or- 
der to maintain accuracy, the probe described there en- 
deavors to maintain the infrared sensing path at thermal 
equilibrium. Accordingly, the pieces of that path, includ- 
ing a hard cap, an optical guide, and the infrared sensor, 
are thermally connected together in a thermal conduc- 
tion path. The probe cover comes near to the hard cap; 
and thus, hotter or cooler probe covers must affect, at 
least transiently, the temperature of parts, such as the 
hard cap, which the system endeavors to hold in thermal 
equilibrium. Moreover, if damage or contamination oc- 
curs to the hard cap of the probe described there, the 
entire mechanism apparently must be replaced, since 
the cap is not separately replaceable. 



[0004] it would be desirable for an infrared biomedical 
probe to include an apparatus for thermally isolating the 
optical path of the probe from thermal energy which may 
be transferred to or from the probe by patient contact, 

5 by installing a new probe cover, and from other sources 
of heat or cold whth which the probe may come into con- 
tact during use. (t would further be desirable to be able 
to readily replace critical items protecting the internal 
mechanism of the probe, such as the hard cap of EPA 

10 337 724 A2. The present invention addresses this need. 

SUMMARY OF THE INVENTION 

[0005] Briefly, and in general terms, the present in- 
*5 vention provides a probe having replaceable elements 
to communicate infrared energy from a patient to a de- 
tector. The probe has an opening at the patient end for 
infrared energy to enter, and an energy conducting path 
to convey the infrared energy from the opening to a sen- 
se sor. Disposed in the path is a window which is transpar- 
ent to the infrared energy. The window is formed of a 
rigid material, and forms part of an assembly which is 
readily removeable and replaceable. 
[0006] The probe also includes an outer boot which is 
25 positioned over the energy conducting path and the re- 
placeable window. The outer boot is so mounted that it 
must first be removed before the replaceable window 
assembly can be removed and replaced. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] 

FIG. 1 is a front perspective view of a hand held 
35 biomedical thermometer which shows the protrud- 
ing probe; 

FIG. 2 is a partial sectional view through the axis of 
the probe of the thermometer shown in FIG. 1; and 
FIG. 3 is an exploded view of the thermal isolation 
w boot and the heat sink containing the waveguide 
portion of the probe of FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

45 

[0008] As is shown in the exemplary drawings, the in- 
vention is embodied in a thermal isolation apparatus for 
a probe of a biomedical thermometer. The probe in- 
cludes a waveguide which receives and channels infra- 

50 red radiation to an infrared detector in the body of the 
thermometer. The thermal isolation apparatus isolates 
the waveguide and other optical path components from 
producing or receiving extraneous thermal influences 
which may arise during use. 

55 [0009] Referring now to FIGS. 1 and 2, a biomedical 
infrared thermometer 10 is shown for sensing the tem- 
perature of a patient. The body of the biomedical ther- 
mometer 11 houses an infrared radiation detector (not 
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shown) and functional elements necessary for the de- 
tection of the temperature of the patient based upon the 
infrared radiation received by the thermometer from a 
body cavity such as the tympanic canal, or other por- 
tions of the patient's anatomy. The thermometer is pref- 
erably a hand held type including a handle 12, and an 
on-off trigger switch 14, so that the temperature read- 
ings may be quickly taken by the user by pointing the 
protruding probe 16 end at the target area of the patient 
from which a temperature reading is to be taken, such 
as the tympanic membrane. 

[001 0] The probe 1 6 includes a waveguide portion 1 8, 
which is preferably formed of a highly thermally conduc- 
tive material such as copper, although it may be formed 
of other good heat conductive and reflective or platable 
material such as aluminum, brass, stainless steel, or the 
like. Surrounding the waveguide 18 is a heat sink 20. 
The heat sink may be integral with the waveguide 18 or 
may be a supporting structure within which the 
waveguide is mounted. Preferably, the waveguide is 
formed by forming a channel through the heat sink and 
plating the channel with a substance which is highly re- 
flective to infrared energy, such as gold. In another em- 
bodiment, the waveguide may be formed by inserting an 
intimately bonded sleeve of reflective material into the 
channel. The heat sink is in thermal communication with 
a heat sink 1 9 in the body 11 of the thermometer formed 
of a similar material. In the embodiment shown in FIG. 
2, the waveguide is generally cylindrical in shape and 
extends axially through the heat sink 20 for communi- 
cation of infrared energy from the temperature source 
to the infrared detector. 

[001 1] In another embodiment, the waveguide is frus- 
tro-conically shaped with the larger opening at the distal 
end of the probe for directed at the patient. The smaller 
opening was located facing to the IR detector in the body 
of the thermometer. This configuration resulted in more 
IR energy from the patient reaching the detector. In this 
embodiment, the waveguide opening at the distal end 
of the probe was selected to be a particular size based 
on the opening of the average ear. This size was larger 
than the size of the waveguide opening permitted by the 
particular detector used. Thus a frustro-conically 
shaped waveguide was used, although with other appli- 
cations, a differently shaped waveguide may be more 
appropriate. 

[0012] Referring now to FIGS. 2 and 3, a window 22 
is disposed at the end of the waveguide 18, and is 
mounted and protected in a transparent sleeve 23 
placed over the distal tip of the waveguide 18 and the 
window 22. The window 22 may be formed of a glass- 
like material such as zinc selenide which is substantially 
transparent to infrared energy. Alternatively, the window 
could be made of polyethylene or other similar materials 
that are also substantially transparent to infrared ener- 
gy. In the embodiment disclosed, the zinc selenide win- 
dow passes the infrared energy while sealing the end of 
the waveguide from contamination. 



[0013] The sleeve 23 is preferably generally tubular 
and is made of a rugged material such as stainless steel 
to protect the window 22 and waveguide end. Addition- 
ally, the material is chosen to have a low thermal con- 
5 ductivity to provide additional insulation for these same 
two elements. In one embodiment, low thermal conduc- 
tivity stainless steel was used. The sleeve 23 may also 
include a flange 32 at one end to fit snugly against a 
correspondingly inset portion of the heat sink 20. The 
10 sleeve 23 preferably includes a lip (not shown) around 
the inside of the end of the sleeve away from the flange 
end 25 for retention of the window 22 during assembly, 
and a series of holes (not shown) around the lip end of 
the sleeve through which adhesive may be applied to 
15 the edge of the window to permanently bond it in place 
in the sleeve 23. The window 22 and the sleeve 23 as- 
sembly can therefore be readily removed and replaced 
by sliding the sleeve 23 off the end of the waveguide 1 8. 
[0014] The heat sink 20 shown in FIGS. 2 and 3, is 
20 generally conically shaped so that it will fit inside the out- 
er boot 24 as is discussed below. The heat sink 20 is 
used to insulate the waveguide 18 from extraneous heat 
sources and to avoid the generation of "hot spots" or 
temperature variations along the waveguide. As used 
herein, hot spots are areas of significantly different tem- 
perature from the average temperature of the 
waveguide. When the probe is used to measure the tem- 
perature of a patient, it may come into contact with the 
patient at a point or points on the probe. It is desirable 
that the heat of the patient received by the probe due to 
contact at this point or points, not be conducted to the 
waveguide or if it is, at least be conducted evenly around 
the waveguide so that hot spots are not formed. In order 
to resist the formation of hot spots, the heat sink 20 is 
formed of a material having high thermal conductivity 
and diffusivity. By using such a material, the heat con- 
ducted to the heat sink at this point or points will be even- 
ly distributed throughout the heat sink and along the 
waveguide. Additionally, the mass of the heat sink 20 is 
selected to have a high heat capacity. Depending on its 
size, the heat sink may present such a large heat ca- 
pacity to the heat or cold source, that before any tem- 
perature change can reach the waveguide, which is lo- 
cated at the center of the heat sink, the temperature 
measurement of the patient will have been completed. 
In the embodiment shown in the FIGS., the heat sink 20 
was formed of copper. In addition to having high thermal 
conductivity, high thermal diffusivity and sufficient mass 
for high heat capacity, it provides an excellent surface 
on which to plate highly thermally conductive materials, 
such as gold, to form the waveguide 18. 
[0015] Another means of thermally isolating the probe 
includes forming a closed air space around the optical 
path. Mounted over the heat sink 20 of the probe is an 
outer boot 24 which contacts the heat sink 20 at the 
proximal base portion 26 of the boot, and contacts the 
sleeve 23 at the distal tip portion 28 of the boot. The 
outer boot may be approximately 2.54 mm (0.10 inch) 
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thick and is preferably formed of a durable, hard plastic 
such as ABS, which is well known for its durability and 
thermal insulation properties and which can be plated 
with reflective materials. However, other materials may 
also be suitable. One or more tabs 27 are preferably pro- 
vided for interfacing with corresponding slots (not 
shown) in the body 11 of the thermometer for securing 
the boot 24 to the thermometer. The inner surface of the 
boot between the proximal and distal areas of contact 
with the waveguide 1 8 is preferably spaced from the out- 
er surface of the waveguide 1 8 by typically approximate- 
ly 1 .02 tmm (0.04 inches) although the spacing can vary, 
depending on the amount of air desired. A chamber 
forming a closed air space or air gap 25 is thereby 
formed between the boot and the waveguide, providing 
a layer of insulative air around the probe to further pro- 
tect the waveguide channel from transient temperature 
changes due to patient contact or other extraneous ther- 
mal sources and protecting the. target from temperature 
change due to contact with the probe. 
[001 6] The air gap preferably extends inside the boot 
24 from the area where the proximal base portion 26 of 
the boot contacts the heat sink 20 to an area approxi- 
mately where the distal tip portion 28 of the boot con- 
tacts the sleeve 23 over the distal tip of the probe. The 
distal tip 28 of the boot is preferably involuted to form 
an inwardly folded extension 29 which slips over the 
sleeve 23. This configuration holds the window and 
sleeve in position at the distal end of the waveguide 18. 
The air gap therefore extends forwardly between this in- 
wardly folded extension 29 and the base portion 26 of 
the boot so that the air gap thermally isolates the entire 
length of the waveguide in the probe from thermal influ- 
ences outside the boot 

[0017] In considering the amount of thermal isolation 
required for the probe, at least three situations would 
typically be considered: 1) the patient could be hot rel- 
ative to the temperature of the probe; 2) the patient could 
be cold relative to the temperature of the probe; and 3) 
the protective probe cover placed over the probe for hy- 
gienic and protective reasons could be either hot or cold 
relative to the probe temperature. 
[0018] In addition to the above three situations, two 
other factors are normally considered when determining 
the dimension of the air gap: 1) the amount of time the 
detector takes to complete its temperature measure- 
ment; and 2) the typical amount of time that the instru- 
ment operator will leave the probe in contact with the 
patient while taking the patient's temperature. 
[0019] In an embodiment of the invention, an air gap 
formed between the heat sink 20 and the inside surface 
of the outer boot 24 within the range 0.51 to 1.52 mm 
(0.020 to 0.060 in.) was found to be very effective in iso- 
lating the optical path in the probe from external temper- 
ature influences encountered in normal use. Thus the 
combination of a heat sink with high thermal diffusivity, 
high thermal conductivity, sufficient thermal mass for 
high heat capacity and a closed air space having tow 



thermal diffusivity and conductivity results in relative 
thermal isolation. The heat sink and air gap thermally 
isolate the infrared optical path in the probe portion of 
the thermometer from extraneous thermal changes. Ad- 
5 ditionally, the combination of the two provide enough 
thermal protection such that a measurement may be 
completed prior to thermal influences reaching the 
waveguide. 

10 

Claims 

1 . A probe (16) having replaceable elements adapted 
to communicate electromagnetic energy in the form 

is of infrared radiation from a patient to an energy de- 
tector, the probe (16) comprising a distal opening 
through which energy from the patient enters the 
probe and an energy conducting path to the energy 
detector, characterized in that the probe (16) in- 

20 eludes; 

a replaceable window (22) formed of a rigid ma- 
terial transparent to said electromagnetic ener- 
gy, the window (22) being mounted in the ener- 

25 gy conducting path of the probe as part of an 

assembly (22, 23) configured to removably po- 
sition the window (22) such that the assembly 
(22, 23) is readily removed and replaced; and 
an outer boot (24) removably positioned over 

30 the energy conducting path and the replacea- 

ble window (22) and mounted such that the out- 
er boot (24) must be removed before the re- 
placeable window can be removed and re- 
placed. 

35 

2. The probe according to claim 1 , further character- 
ized in that the outer removable boot (24) is con- 
figured to secure the window (22) at a position in- 
ternal to the boot (24) and to firmly retain the window 

40 (22) at a position in the energy path such that the 
window (22) is not removable until after the boot 
(24) has been removed. 

3. The probe according to claim 1 or claim 2, further 
45 characterized In that: 

the replaceable window (22) is mounted in an 
assembly (22, 23) which includes a replaceable 
sleeve (23) having an opening within which the 

50 window (22) is mounted into position; and 

the removable boot contacts the sleeve (23) 
and retains the sleeve (23) and the window (22) 
at positions in the energy conducting path 
wherein the sleeve (23) and the window (22) 

55 may be removed from the energy conducting 

path and replaced after the boot (24) has been 
removed. 
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genannte elektromagnetische Energie durch- 
lassig ist, wobei das Fenster (22) in dem Ener- 
gieleitpfad der Sonde a!s Teil eines Zusammen- 
baus (22, 23) angebracht ist, der so konfiguriert 
5 ist, dass das Fenster (22) entfernbar positio- 

niert wird, so dass der Zusammenbau (22, 23) 
einfach entfernt und ausgetauscht werden 
kann; und 

eine au&ere Manschette (24), die entfernbar 
10 uber dem Energieleitpfad und dem austausch- 

baren Fenster (22) positioniert und derart an- 
gebracht ist, dass die au&ere Manschette (24) 
entfernt werden muss, bevor das austauschba- 
re Fenster entfernt und ausgetauscht werden 
*5 kann. 

2. Sonde nach Anspruch 1, ferner dadurch gekenn- 
zeichnet, dass die auftere entfembare Manschette 
(24) so konfiguriert ist, dass sie das Fenster (22) an 

20 einer Position innerhalb der Manschette (24) sichert 
und das Fenster (22) fest an einer Position in dem 
Energiepfad halt, so dass das Fenster (22) nicht 
entfernt werden kann, solange die Manschette (24) 
nicht entfernt worden ist. 

25 

3. Sonde nach Anspruch 1 oder 2, ferner dadurch ge- 
kennzeichnet, dass: 

das austauschbare Fenster (22) in einem Zu- 
30 sammenbau (22, 23) angebracht ist, der eine 

austauschbare Hulle (23) mit einer Offnung 
aufweist, in der das Fenster (22) an der Ver- 
wendungsposition angebracht ist; und 
die entfembare Manschette die Hulle (23) be- 
35 ruhrt und die Hulle (23) und das Fenster (22) 

an Positionen in dem Energieleitpfad halt, wo- 
bei die Hulle (23) und das Fenster (22) aus dem 
Energieleitpfad entfernt und ausgetauscht wer- 
den konnen, nachdem die Manschette (24) ent- 
w fernt worden ist. 



4. The probe according to claim 3, further character- 
ized in that: 

the sleeve (23) comprises a mounting flange 
(25); 

the energy conducting path comprises a 
mounting surface on which the sleeve is slida- 
bly mounted; and the outer boot comprises a 
window retainer wherein the window retainer of 
the outer boot contacts the flange (25) of the 
sleeve (23) to secure the sleeve (23) on the 
mounting surface such that the window (22) is 
positioned at the position in the energy path 
when the boot (24) is in place, and the sleeve 
(23) and window (22) are slidabty removable 
from the energy conducting path and can be re- 
placed when the boot (24) is removed from the 
probe (16). 

5. The probe according to claim 3, further character- 
ized in that the mounting surface of the energy con- 
ducting path comprises an inset portion for receiv- 
ing the flange (25) of the sleeve (23). 

6. The probe (16) according to any of claims 1 through 
5, further characterized in that: 

the removable outer boot (24) is formed of a 
durable material; and 

the removable outer boot extends distally be- 
yond the replaceable window (22) to provide 
shock protection to the window. 

7. The probe according to claims 1 through 5, further 
characterized in that: 

the removable outer boot (24) is formed of a 
durable material and comprises a distal involu- 
tion; and 

the involution of the removable outer boot (24) 
extends distally beyond the window (22) to pro- 
vide shock protection to the window (22). 



Patentanspruche 45 

1. Sonde (16) mit austauschbaren Elementen, die 
sich zur Ubertragung elektromagnetischer Energie 
in Form von Infrarotstrahlung von einem Patienten 
zu einem Energiedetektor eignet, wobei die Sonde so 
(16) eine distale Offnung aufweist, durch die Ener- 
gie von dem Patienten in die Sonde eintritt, und mit 
einem Energieleitpfad zu dem Energiedetektor, da- 
durch gekennzeichnet, dass die Sonde (16) fol- 
gendes aufweist: 55 

ein austauschbares Fenster (22), das aus ei- 
nem steifen Material gebildet wird, das fur die 



4. Sonde nach Anspruch 3, ferner dadurch gekenn- 
zeichnet, dass: 

die Hulle (23) einen Befestigungsflansch (25) 
umfasst; 

der Energieleitpfad eine Befestigungsoberfla- 
che umfasst, an der die Hulle verschiebbar an- 
gebracht ist; und wobei die auliere Manschette 
eine Fensterhalteeinrichtung umfasst, wobei 
die Fensterhalteeinrichtung der aufieren Man- 
schette den Flansch (25) der Hulle (23) beruhrt, 
so dass die Hulle (23) an der Befestigungsober- 
flache befestigt wird, so dass das Fenster (22) 
an der Position in dem Energiepfad positioniert 
wird, wenn sich die Manschette (24) an der Ver- 
wendungsposition befindet, und wobei die Hul- 
le (23) und das Fenster (22) verschiebbar aus 
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dem Energieleitpfad entfemt und ausgetauscht 
werden konnen, wenn die Manschette (24) von 
der Sonde (16) entfernt worden 1st. 

5. Sonde nach Anspruch 3, ferner dadurch gekenn- 
zeichnet, dass die Befestigungsoberflache des 
Energieleitpfads einen Einsatzabschnitt zur Auf- 
nahme des Flanschs (25) der Hulle (23) umfasst. 

6. Sonde (16) nach einem der Anspruche 1 bis 5, fer- 
ner dadurch gekennzeichnet, dass: 

die entfernbare auSere Manschette (24) aus et- 
nem hattbaren Material hergestelit wird; und 
dass 

sich die entfernbare auftere Manschette distal 
Ober das austauschbare Fenster hinaus er- 
streckt, um fur das Fenster einen StoRschutz 
vorzusehen. 

7. Sonde nach einem der Anspruche 1 bis 5, ferner 
dadurch gekennzeichnet, dass: 

die entfernbare au&ere Manschette (24) aus ei- 
nem haltbaren Material hergestelit wird und ei- 
ne distale Involution aufweist; und dass 
sich die Involution der entfernbaren auBeren 
Manschette (24) distal uber das Fenster (22) 
hinaus erstreckt, um einem Stodschutz fur das 
Fenster (22) vorzusehen. 



Revendications 

1 . Sonde ( 1 6) ayant des elements remplacables adap- 
tes pour communiquer de I'energie electromagnet 
tique sous forme de radiation infra rouge depuis un 
patient vers un detecteur d'energie, la sonde (16) 
comprenant une ouverture distale a travers laquelle 
i'energie issue du patient entre dans la sonde et un 
chemin de conduction d'energie vers le detecteur 
d'energie, caracterisee en ce que la sonde (16) 
comprend : 

une fenetre remplacable (22) formee en un ma- 
teriau rigide transparent pour ladite energie 
electromagnetique, la fen§tre (22) etant mon- 
tee dans le chemin de conduction d'energie de 
la sonde en tant que partie d'un ensemble (22, 
23) configure pour positionner la fenetre (22) 
de maniere amovible de telle sorte que I'en- 
semble (22, 23) est facilement retire et 
remplace ; et 

un embout externe (24) positionne de maniere 
amovible par-dessus le chemin de conduction 
d'energie et la fenetre remplacable (22) et mon- 
te de telle maniere que I'embout externe (24) 
doit etre retire avant que la fenetre remplacable 



ne puisse etre retiree et remplacee. 

2. Sonde selon la revendication 1, caracterisee en 
outre en ce que I'embout externe amovible (24) est 

5 configure pour fixer la fenetre (22) en position inter- 
ne par rapport a I'embout (24) et pour retenir ferme- 
ment la fenetre (22) dans une position dans le che- 
min d'energie de telle sorte que la fenetre (22) n'est 
pas amovible tant que I'embout (24) n'a pas ete re- 
10 tire. 

3. Sonde selon la revendication 1 ou 2, caracterisee 
en outre en ce que : 

*s la fenetre remplacable (22) est montee dans un 

ensemble (22, 23) incluant un manchon rem- 
placable (23) ayant une ouverture a I'interieur 
de laquelle la fenetre (22) est positionnee ; et 
I'embout amovible est en contact avec le man- 
20 chon (23) et retient le manchon (23) et la fene- 

tre (22) en position dans le chemin de conduc- 
tion d'energie, dans laquelle le manchon (23) 
et la fenetre (22) peuvent etre retires du chemin 
de conduction d'energie et remplaces apres 
25 que I'embout (24) a ete retire. 

4. Sonde selon la revendication 3, caracterisee en 
outre en ce que : 

30 le manchon (23) comprend une colierette de 

montage (25) ; 

le chemin de conduction d'energie comprend 
une surface de montage sur laquelle le man- 
chon est monte de maniere coulissante; et 
35 I'embout externe comprend un dispositif de re- 

tenue de la fenetre, dans laquelle le dispositif 
de retenue de la fenetre de I'embout externe 
est en contact avec la colierette (25) du man- 
chon (23) pour fixer le manchon (23) sur la sur- 
40 face de montage de telle maniere que la fenetre 

(22) est maintenue en position dans le chemin 
d'energie lorsque I'embout (24) est en place, et 
le manchon (23) et la fenetre (22) peuvent etre 
retires de maniere coulissante du chemin de 
^5 conduction d'energie et peuvent etre rempla- 

ces lorsque i'embout (24) est retire de la sonde 
(16). 

5. Sonde selon la revendication 3, caracterisee en 
50 outre en ce que la surface de montage du chemin 

de conduction d'energie comprend une partie en- 
castree pour recevoir la colierette (25) du manchon 
(23). 

55 6. Sonde (16) selon Tune quelconque des revendica- 
tions 1 a 5, caracterisee en outre en ce que : 

I'embout externe amovible (24) est forme en un 
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materiau durable ; et 

I'em bout externe amovible s'etend distalement 
au-dela de la fen§tre remplacabte (22) pour of- 
frtr une protection centre les chocs a la fenetre. 

5 

7. Sonde selon les revendications 1 a 5, caracterisee 
en outre en ce que : 

I'embout externe amovible (24) est forme en un 
materiau durable et comprend une involution 10 
distale ; et 

^involution de Tembout externe amovible (24) 
s'etend distalement au-dela de la fenetre (22) 
pour offrir une protection contre les chocs a la 
fen§tre (22). *5 
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